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1. Introduction. -Experimental evidence for the existence of nuclear dipolar magnetic ordering, either antiferromagnetic or ferromagnetic, has been reported in a number of articles [1] [2] [3] [4] [5] . In reference [5] were described in detail the principle of production of nuclear magnetic ordering in the rotating frame and the prediction of the ordered structures through the local Weiss-field approximation. For simple cubic systems of nuclear spins -i' such as the 19F spin system in calcium fluoride, this method led to the prediction of three different antiferromagnetic structures. The prediction of the properties of the antiferromagnetic structures as a function of field and entropy, was made through a makeshift theory consisting of the Weissfield approximation supplemented, in the paramagnetic phase, by a high temperature expansion for spintemperature theory. This procedure, although lacking in thermodynamic consistency, yields results which are in reasonable semi-quantitative agreement with the experimental observations. Its main disadvantage is that the paramagnetic and the antiferromagnetic phases are treated independently, and that local spinspin order is taken partially into account only in the former phase.
The purpose of this article is to describe the application of the restricted-trace method [6, 7] (10) and (9) : The first term on the right-hand side is the Zeeman energy Z, and the second term is the dipole-dipole energy ED.
We write the entropy in the form :
where the first term does not depend explicitly on fl. Eq. (14) yields, according to eq. (16) and (15) : whereas according to eq. (9) we find that for fl
The entropy S is entirely determined by eq. (11) and (15) to (18).
The approximation made by Kirkwood consists in the use of a limited expansion in fl for the logarithm on the right-hand side of eq. (9) . When this expansion is limited to the term linear in fi, the maximization of In Z yields the same result for pA and pB as the Weissfield approximation. The whole theoretical procedure is then in fact very close to that of Bragg and Williams [8, 9] . Terms of higher order in fi yield corrections to the Weiss-field result, arising from short-range correlations between spins.
In order that this treatment of ordering be consistent, it is necessary that in zero field (i.e. L1 = 0) there exist a critical inverse température such that :
i) For 1 P 1 1 Pc the only solution of eq. (11) is :
ii) For 1 fi 1 &#x3E; 1 P,, 1 the solution which maximizes In Z corresponds to :
We recall that the sign of fi is determined by the problem under investigation. The (Fig. 4) (Fig. 5) . At the crossing point between the high-temperature and the Weiss-field approximations the value of XII, as computed by the high-temperature expansion corresponds to a paramagnetic state with no long-range order, whereas the same value of XII corresponds in the Weiss-field approximation to a sublattice polarization of 52 %.
The great advantage of the restricted trace approximation, despite its defects, is that it covers consistently with a single formalism both domains of paramagnetism and ordering. It also takes into account, if only partially, the correlation between spins in the ordered phase which, for the study of some problems is a necessity.
Examples will be given in forthcoming articles.
Since the second-order approximation is not decisively better than the first-order one, a much more elaborate approach would probably be necessary to obtain a real improvement. In the absence of such an approach, it is amply justified, and sufficient, to use the first-order restricted trace approximation to obtain, through a very simple calculation, the gross features of the phenomena associated with nuclear dipolar magnetic transitions.
